1. Introduction
===============

Signal intensity (SI) changes of the spinal cord on magnetic resonance (MR) imaging reflect pathological changes in the spinal cord and are indicative of prognosis in cervical compressive myelopathy (CCM).^\[[@R1]--[@R4]\]^ High SI on T2-weighted MR images (T2WI) or a low-intensity signal change on T1-weighted MR images (T1WI) are radiological prognostic factors for cervical myelopathy.^\[[@R2],[@R4]--[@R8]\]^ Many researchers have reported a correlation between clinical outcomes and SI changes on T2WI or T1WI.^\[[@R1],[@R4],[@R7]\]^ However, a consensus concerning the degree of SI change on magnetic resonance imaging (MRI) has not been achieved.

A previous study^\[[@R9]\]^ evaluated the correlation between surgical outcomes and signal changes on MRI by measuring the signal intensity ratio (SIR) of the spinal cord and comparing the signal change at the lesion and the normal area. Since that report, a few studies^\[[@R10]--[@R13]\]^ have focused on the quantitative assessment of SI changes and their prognostic significance. Most of these studies assessed the SI of the spinal cord based on T2WI alone, but not on T1WI and gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA) contrast-enhanced MRI.^\[[@R9],[@R10],[@R12]\]^

The purpose of this study was to evaluate the correlation between the clinical outcome of patients with CCM and the quantitative assessment of SI changes on T2WI and T1WI preoperatively and postoperatively. We aimed to determine whether quantitative alterations in the SI could reflect the clinical features and surgical outcomes and the correlation with SI severity.

2. Materials and methods
========================

2.1. Patient populations
------------------------

From January 2006 to December 2012, we treated 288 patients who had ventral cord compression caused by cervical disc protrusion, bony spur, or ossification of the posterior longitudinal ligament. We conducted this prospective study with patients who were treated surgically for their conditions. We excluded 138 patients who had more than 3 levels of cord compression caused by various pathologies. Of the remaining 150 patients, we excluded 38 patients because they had undergone posterior decompressive surgeries (e.g., cervical laminoplasty, laminectomy, and fusion). A total of 112 consecutive patients with ventral cord compression at 1 or 2 levels caused by bony spur, ossification of the posterior longitudinal ligament, or disc herniation were subsequently enrolled in this study. The study protocols were approved by the Institutional Review Board at the authors' institution. A diagnosis of CCM was assigned with radiological confirmation by MRI, and the diagnosis was determined when 1 or more upper motor neuron domains were involved (e.g., spasticity, hyperreflexia, and positive Babinski sign), based on the neurological examination.^\[[@R1]\]^

At our institution, surgical treatment was indicated for patients diagnosed with severe myelopathy (Japanese Orthopedic Association \[JOA\] score, 0--9) or moderate myelopathy (JOA score, 10--12).^\[[@R14],[@R15]\]^ In addition, surgical operations were performed to relieve symptoms in patients with mild myelopathy (JOA score, 13--17) who had a progressive course of neurologic deficits such as overt weakness or uncontrolled pain.

Of 112 patients, 64 patients were diagnosed as having single-level CCM at cervical vertebral body 3--cervical vertebral body 4 (C3--C4, 11 patients), cervical vertebral body 4--cervical vertebral body 5 (C4--C5, 14 patients), cervical vertebral body 5--cervical vertebral body 6 (C5--C6, 30 patients), or cervical vertebral body 6--cervical vertebral body 7 (C6--C7, 9 patients). One iliac crest autograft and Atlantis plate (Medtronic Sofamor-Danek, Memphis, TN) were used in 47 patients, while a Cervios cage (Synthes, Oberdorf, Germany) or Cornerstone cage (Medtronic Sofamor-Danek) and Atlantis plate were used in 17 patients. Forty-eight patients were diagnosed as having 2-level CCM at C3--C4--C5 (8 patients), C4--C5--C6 (14 patients), or C5--C6--C7 (26 patients). For this anterior cervical discectomy and fusion procedure, 2 autologous iliac crest autografts or cages and an Atlantis plate were used.

2.2. Radiologic assessment
--------------------------

All patients underwent high-resolution MRI using the 1.5T Avanto unit (Siemens, Erlangen, Germany) or 3.0T Skyra unit (Siemens), and turbo spin echo T1- and T2-weighted sagittal and axial imaging of the cervical spine (Supplemental Digital Content: Table S1). To assess preoperative cord signal changes, an intravenous injection of Gd-DTPA (Magnevist, Schering; 0.1 mmol/kg body weight) was administered after acquiring the precontrast MRI. For patients with preoperative cord signal changes, postoperative follow-up MRI examinations were completed at 3 or 6 months, and then at 12 months. The interval change in the intramedullary SI on the follow-up MR images was compared with the intramedullary SI on the preoperative images.

2.3. Signal intensity grading
-----------------------------

Increased SI was defined as a high-intensity area in contrast to the adjacent isointensity portion of the spinal cord in the sagittal and axial planes. We evaluated an increase in the SI at the narrowest level of the spinal cord as "grade 0" if no intramedullary high SI appeared on T2WI; as "grade 1" if there was a predominantly faint and indistinct border; and as "grade 2" if there was a predominantly intense and well-defined border^\[[@R1]\]^ (Fig. [1](#F1){ref-type="fig"}). Enhancement by Gd-DTPA appeared as a demarcation that was relatively clear from the surrounding cord parenchyma.^\[[@R16]\]^ Experienced radiologists in spinal imaging graded the changes. Measurements were independently performed by 2 neuroradiologists (JHL and WHC) and the grades were recorded by consensus.

![The signal intensity grading system on T2WI. The signal intensity on T2WI is assessed as grade 0 (i.e., no change in signal intensity), grade 1 (i.e., faint and indistinct signal intensity change), or grade 2 (i.e., bright signal change that is clearly distinguishable from that of grade 1). T2WI = T2-weighted magnetic resonance images.](medi-95-e4649-g001){#F1}

2.4. Signal intensity ratio
---------------------------

The SI values of the spinal cord on the sagittal view of T1WI, Gd-DTPA contrast-enhanced T1WI, and T2WI were obtained, and the regions of interest (ROIs) were taken by 0.05 cm^2^. The normal cord SI at the C7-T1 disc levels was obtained, and the ROIs were taken by 0.3 cm^2^. The SIR between regions of 0.05 and 0.3 cm^2^ were calculated. If no signal change was noted on T2WI, the ROIs were taken as 0.05 cm^2^ in the area of severe compression of the cord. The SI value on T1WI and contrast-enhanced T1WI was measured at the same compressed area on T2WI. The SIRs on T2WI, T1WI, and Gd-DTPA contrast-enhanced T1WI were calculated by the following equation^\[[@R9]\]^ (Fig. [2](#F2){ref-type="fig"}):. 

![(A) The ROIs of the sagittal T2-weighted image is taken by 0.05 cm^2^ (small circle) in the area of a severely compressed lesion. The SI value is 497.0. The ROI of the reference region is obtained by 0.3 cm^2^ (large circle) in the C7--T1 disc levels; its SI value is 254.0. The SIR of the T2-weighted image between the 0.05 and 0.3 cm^2^ regions was calculated. The SIR on the T2-weighted image is 1.96 (497.0/254.0). (B) The ROIs of the T1-weighted image is taken by 0.05 cm^2^ (small circle) on the area of the same compressed cord area in the T2-weighted image; its SI value is 471.0. The ROIs of the reference region are obtained by 0.3 cm^2^ (large circle) in the C7--T1 disc levels; the SI value is 349.0. The SIR on the T1-weighted image is 1.35 (471.0/349.0). ROI = region of interest, SI = signal intensity, SIR = signal intensity ratio.](medi-95-e4649-g003){#F2}

The compression ratio was measured by dividing the smallest anteroposterior dimension of the spinal cord by the broadest transverse diameter at the same level on the axial MRI scans^\[[@R1],[@R17]\]^ (Fig. [3](#F3){ref-type="fig"}). Cervical sagittal alignment was determined using Cobb method by drawing a line parallel to the inferior aspect of the C2 body and a line parallel to that of the C7 body from a neutral lateral view.^\[[@R1]\]^ The neurological outcomes were evaluated according to the JOA scale for cervical myelopathy^\[[@R18]\]^ (Supplemental Digital Content: Table S2). Postoperative recovery rates were calculated using the following formula: 

![The compression ratio of the spinal cord is measured as the smallest sagittal diameter of the spinal cord divided by the broadest transverse diameter at the same level.](medi-95-e4649-g005){#F3}

2.5. Statistical analysis
-------------------------

All values are expressed as the mean ± the standard deviation or by percentages. The data were compared using Student *t* test and the Chi-square test. If the data did not show a normal distribution, they were compared using the Mann--Whitney *U* test or Kruskal--Wallis test. For nonparametric analysis, the Mann--Whitney *U* test was used to analyze differences between 2 groups, and the Kruskal--Wallis test was used to analyze differences between 3 groups. Pearson correlation analysis was used to examine the relationship between age, symptom duration, cervical alignment, preoperative JOA scores, SIR on T1WI and T2WI, and JOA recovery ratio. We determined that the variables that showed a significant relationship on univariate analysis would be entered into multivariate regression analysis. A receiver operating characteristic curve was conducted to evaluate the sensitivity and specificity of the SIR in the objective measure for grades 0, 1, and 2 on T2WI. The optimal cutoff values for the grades on T2WI were determined using the maximum Youden index (sensitivity − \[1 − specificity\]).^\[[@R19]\]^ We conducted statistical analyses using MedCalc version 16.2.1 software (MedCalc, Mariakerke, Belgium). Values of *P* \< 0.05 were statistically significant.

3. Results
==========

All 112 participants (72 men and 40 women; mean age, 52.6 years; age range, 26--76 years) underwent 1- or 2-level anterior cervical discectomy and fusion. The duration of preoperative symptoms ranged 2 to 64 weeks (mean, 10.2 ± 7.7 weeks). After the surgical operation, the mean follow-up time was 21.8 ± 8.8 months (range, 15.1--29.2 months). The overall mean preoperative and postoperative JOA scores were 11.2 ± 2.9 and 14.7 ± 2.6, respectively (*P* \< 0.05). Neurological outcomes for all patients with CCM improved to a mean of 63.3% ± 20.7%, based on the JOA recovery ratio.

Gait disturbance (108 cases) was the most common clinical symptom, followed by upper extremity weakness (103 cases) and bladder dysfunction (39 cases). On neurologic examination, all patients had hyperreflexia, 77 patients had Hoffmann sign, 29 patients had Babinski sign, and 13 patients had ankle clonus. Among 112 patients, 78 (69.6%) patients with myelopathy had severe cervical myelopathy (29 patients) or moderate cervical myelopathy (49 patients), and 34 (30.4%) patients had mild cervical myelopathy (Table [1](#T1){ref-type="table"}). All patients had moderate to severe pain.

###### 

Preoperative and postoperative JOA scores.

![](medi-95-e4649-g006)

Seventy (62.5%) of the 112 participants had an increased SI in the spinal cord on T2WI. Of 70 patients with an increased SI change on T2WI, 47 (67.1%) patients displayed slightly increased signal changes (i.e., grade 1) on T2WI, and 23 (32.9%) patients had an intensely increased signal change (i.e., grade 2) on T2WI. On T1WI, 4.5% (5/112) of the participants had a low SI in the spinal cord preoperatively.

In addition, among 70 patients experiencing increased intramedullary signal changes on MRI, 38 patients preoperatively underwent Gd-DTPA contrast-enhanced MRI. Contrast-enhanced MR findings were obtained for 18 patients.

3.1. Symptom duration, spinal cord compression, SIR, preoperative JOA, and recovery ratio, based on the grade system of SI changes on T2WI
------------------------------------------------------------------------------------------------------------------------------------------

A comparison of the three groups -- no intramedullary SI change on T2WI (grade 0, 42 patients), light SI change (grade 1, 47 patients), and bright SI change (grade 2, 23 patients) -- showed a statistically significant difference in preoperative symptom duration. The mean cord compression ratios for grades 0, 1, and 2 were 35.8% ± 6.5%, 31.8% ± 7.3%, and 29.0% ± 7.4%, respectively (Table [2](#T2){ref-type="table"}). We found that individuals with increased intramedullary SI on T2WI (i.e., grades 1 and 2) had a statistically significant lower cord compression ratio, compared to individuals with no SI change (grade 0). However, there was no significant difference in the cord compression ratio between SI grades 1 and 2.

###### 

Clinical characteristics and neurological outcome, based on signal intensity.

![](medi-95-e4649-g007)

A significant difference between the 3 groups was found in the preoperative SIR on T2WI, but not in the SIR on T1WI. The respective preoperative JOA scores and recovery ratio (%) were 12.2 ± 2.2 and 73.7% ± 19.4% for SI grade 0; 11.1 ± 2.3 and 60.9% ± 18.9% for grade 1; and 9.5 ± 2.2 and 49.7% ± 17.2% for grade 2 (Table [2](#T2){ref-type="table"} and Fig. [4](#F4){ref-type="fig"}). In summary, there were significant differences in the duration of symptoms, cord compression ratios, preoperative SIR on T2WI, preoperative JOA score, and JOA recovery ratio between the 3 groups. However, there was no significant difference in patient age, cervical curvature, or SIR on T1WI between these groups (Table [2](#T2){ref-type="table"}).

![(A) Twelve months after surgery, a 42-year-old man with cervical compressive myelopathy had a recovery ratio of 37.5%. The T2-weighted image shows intramedullary high signal changes at the C5--C6 level, and an SI of grade 2. The SIR on the T2-weighted image is 2.11 and the SIR on the T1-weighted image is 1.48. The small circles designate the ROIs of the T2- and T1-weighted images on the compressed lesion. The large circles designate the ROIs in the C7--T1 disc levels. (B) Twelve months after surgery, a 48-year-old male had a neurological improvement of 54.6%. The SI is grade 1. The SIR on the T2-weighted image is 1.16 and the SIR on the T1-weighted image is 1.14. (C) A 60-year-old woman had a recovery ratio of 87.5% after surgery. The SI is grade 0. The SIR on the T2-weighted image is 1.02 and the SIR on the T1-weighted image is 1.19. ROI = region of interest, SI = signal intensity, SIR = signal intensity ratio.](medi-95-e4649-g008){#F4}

The receiver operating characteristic analysis showed that the optimal cutoff value of the preoperative SIR on T2WI between group 0 and group 1 was 1.23, and the sensitivity and specificity were 76.60% and 76.19%, respectively. The area under the curve was 0.786 (confidence interval \[CI\], 0.690--0.883; *P* \< 0.001). The cutoff value for grades 1 and 2 was 1.55. The maximized sensitivity and specificity were 86.96% and 76.60%, respectively. The area under the curve was 0.873 (CI, 0.788--0.959; *P* \< 0.001) (Fig. [5](#F5){ref-type="fig"}).

![ROC curves for the grading system on T2WI. (A) The most qualified cutoff value of the SIR between grade 0 and grade 1 was 1.23. The AUC was 0.786 (CI, 0.690--0.883, *P* \< 0.001). (B) The cutoff value of the SIR between grade 1 and grade 2 was 1.55. The AUC was 0.873 (CI, 0.788--0.959, *P* \< 0.001). AUC = area under the curve, CI = confidence interval, ROC = receiver operating characteristic, SIR = signal intensity ratio, T2WI = T2-weighted magnetic resonance images.](medi-95-e4649-g009){#F5}

3.2. Correlation coefficients between variables
-----------------------------------------------

Table [3](#T3){ref-type="table"} shows the correlation between the independent variables, which included symptom duration, cord compression ratio, preoperative JOA score, SIR on T2WI, SIR on T1WI, patient age, cervical alignment, and JOA recovery ratio. We found significant correlations between the compression ratio, symptom duration, preoperative JOA score, SIR on T2WI, and JOA recovery ratio (Table [3](#T3){ref-type="table"}).

###### 

Pearson correlation coefficients between variables.
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3.3. Relationship between the SIR, symptom duration, preoperative JOA score, cord compression ratio, and neurological outcomes
------------------------------------------------------------------------------------------------------------------------------

A longer duration of symptoms was significantly correlated with a higher SIR on T2WI (*R*^2^ coefficient = 0.1317, *P* \< 0.001) (Fig. [6](#F6){ref-type="fig"}A). A lower cord compression ratio was associated with a higher SIR on T2WI (*R*^2^ coefficient = 0.0724, *P* = 0.004) (Fig. [6](#F6){ref-type="fig"}B). Lower preoperative JOA scores had a statistically significant relationship with a higher SIR on T2WI (*R*^2^ coefficient = 0.1234, *P* \< 0.001) (Fig. [6](#F6){ref-type="fig"}C). The preoperative JOA score was positively correlated with the cord compression ratio (*R*^2^ coefficient = 0.0393, *P* = 0.036) (Fig. [6](#F6){ref-type="fig"}D). Shorter symptom duration showed a trend toward a better preoperative JOA score; however, it was not significantly correlated with the preoperative JOA score (*R*^2^ coefficient = 0.03325, *P* = 0.054). We did not find any significant relationship between the SIR on T1WI and symptom duration (*R*^2^ coefficient = 0.0023, *P* = 0.612), cord compression ratio (*R*^2^ coefficient = 0.0176, *P* = 0.163), preoperative JOA score (*R*^2^ coefficient = 0.0005, *P* = 0.809), or neurological outcome (*R*^2^ coefficient = 0.0145, *P* = 0.206). The SIR on Gd-DTPA contrast-enhanced T1WI was not associated with the cord compression ratio (*R*^2^ coefficient = 0.0307, *P* = 0.262), preoperative JOA score (*R*^2^ coefficient = 0.0301, *P* = 0.266), or neurological outcome (*R*^2^ coefficient = 0.0902, *P* = 0.051). However, the SIR on Gd-DTPA contrast-enhanced T1WI was correlated with symptom duration (*R*^2^ coefficient = 0.1286, *P* = 0.018). A poor neurological outcome was significantly associated with a longer duration of symptoms (*R*^2^ coefficient = 0.0430, *P* = 0.028), lower cord compression ratio (*R*^2^ coefficient = 0.0358, *P* = 0.046), lower preoperative JOA score (*R*^2^ coefficient = 0.0494, *P* = 0.019), and higher SIR on T2WI (*R*^2^ coefficient = 0.1155, *P* \< 0.001). Multivariate regression analysis showed that the SIR on T2WI was the major significant contributor in predicting the postoperative recovery ratio (*P* = 0.006) (Table [4](#T4){ref-type="table"}).

![The relationship between the SIR on T2WI and symptom duration, preoperative JOA score, cord compression ratio, and JOA recovery ratio. (A) The SIR on T2WI is positively correlated with symptom duration. (B) The SIR on T2WI is associated with a lower cord compression ratio. (C) The SIR on T2WI has a significant correlation with the preoperative JOA score. (D) The preoperative JOA score is positively correlated with the cord compression ratio. JOA = Japanese Orthopedic Association, SIR = signal intensity ratio, T2WI = T2-weighted magnetic resonance images.](medi-95-e4649-g011){#F6}
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Multivariate regression analyses for neurological recovery.
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3.4. Neurological outcomes based on the status of postoperative SI alterations on follow-up MRI
-----------------------------------------------------------------------------------------------

Of 70 patients with a high preoperative SI on T2WI, 43 patients (grade 1, 25 patients; grade 2, 18 patients) underwent follow-up MRI approximately 12 months after surgery (mean time, 60.0 ± 6.6 weeks). At the time of the postoperative MRI, 11 (25.6%) of the 43 patients showed a reversal of the SI, whereas 32 (74.4%) patients did not. In the SI reversal group, 9 patients were grade 1 on the preoperative T2WI and 2 patients were grade 2. The nonreversal SI group comprised 22 patients with grade 1 and 10 patients with grade 2. The mean JOA recovery ratio and SIR on T2WI of the reversal patients were 69.4% ± 18.5% and 1.17 ± 0.22, respectively, which were better values than those of the 32 nonreversal patients (51.1% ± 18.6% and 1.66 ± 0.36, respectively). The difference between these groups was statistically significant in the JOA recovery ratio (*P* = 0.007) and SIR on T2WI (*P* \< 0.05) (Table [5](#T5){ref-type="table"}). However, the SIR on T1WI was not statistically significantly different between the reversal group (1.22 ± 0.24) and the nonreversal group (1.36 ± 0.23) (*P* = 0.090).

###### 

Clinical characteristics and surgical outcomes based on the status of postoperative alterations in signal intensity.

![](medi-95-e4649-g013)

4. Discussion
=============

Anterior cervical decompression effectively prevents the deterioration of neurological function in CCM. The decision to perform a surgical operation for CCM must take into consideration the patients' age, symptom severity, baseline function, and the patient\'s overall health.^\[[@R20]\]^ Surgical operations are recommended for patients with moderate and severe forms of cervical myelopathy.^\[[@R15],[@R20],[@R21]\]^ For patients with mild myelopathy, a progressive course with intractable pain or angular-edged deformity should be considered an indicator for surgery.^\[[@R22]--[@R24]\]^ A Cochrane review on the role of surgery in mild cervical myelopathy concluded that a surgical operation impacts pain, weakness, and sensory loss, compared to conservative management; however, there is little or no difference in the long term.^\[[@R25],[@R26]\]^

Various clinical and radiological findings of cervical myelopathy aid in predicting the postsurgical prognosis of patients with CCM.^\[[@R3],[@R8],[@R27]--[@R30]\]^ In our series, patients with a shorter duration of symptoms or better functional status at presentation with less compression of the cord had greater neurological improvement after surgery.

Radiological findings such as intramedullary signal changes on preoperative T2WI and T1WI have been important for devising surgical plans since Takahashi et al^\[[@R31]\]^ 1st reported that increased SI on T2WI was associated with poor clinical results. The signal changes on T2WI were presumed to be myelomalacia or cord gliosis secondary to a long-standing compressive effect of the spinal cord.^\[[@R4],[@R31]--[@R33]\]^ Hypointensity signal changes on T1WI represent myelomalacia, cavitation, necrosis, and frank loss of neuronal tissue, which are irreversible.^\[[@R32]\]^ The use of several different grading systems of SI change on preoperative MR images for predicting the neurological outcome in cervical myelopathy have been proposed to avoid the ambiguity of signal changes on MR images.^\[[@R1],[@R4],[@R6]\]^ Mehalic et al^\[[@R5]\]^ categorized high SI changes on T2WI on cervical MRI into 5 grades (i.e., 0, "none"; 1, "slight"; 2, "moderate"; 3, "intense"; and 4, "very intense"), whereas Sarkar et al^\[[@R6]\]^ classified intramedullary SI on T2WI into 4 subtypes, based on the margin and intensity (i.e., type 0, "none"; type 1, "fuzzy"; type 2, "sharp"; and type 3, "mixed"). However, these grading systems are complicated and are difficult to apply because of the possibility of confusion or a misreading in the evaluation of the grade of SI change. We have reported the surgical outcome in patients with cervical myelopathy using the grading system (i.e., grades 0, 1, and 2) of SI changes on T2WI described previously.^\[[@R1],[@R8]\]^ Increased severity of the SI grading system on T2WI was significantly proportional to an unfavorable neurological recovery rate after a surgical operation. Experimental studies^\[[@R34]--[@R36]\]^ support the notion that chronic compression of the spinal cord leads to diminished blood flow, and ischemia to the cord is the pathophysiological mechanism of CCM. In our study, individuals with high SI on T2WI presented with a narrower compressed cord, compared to the group of individuals with no SI on T2WI. Between SI grades 1 and 2, there was no significant difference in the cord compression ratio, but there was a significant difference in symptom duration. A high SI lesion on T2WI was observed in patients with more constriction or narrowing of the spinal cord and the severity of signal change became brighter over time. Ramanauskas et al^\[[@R32]\]^ divided myelomalacia into 3 stages. In the early stage, the intramedullary SI change on an MRI reflects cord edema; in the intermediate stage, a signal change reflected cystic necrosis of the central gray matter after prolonged cord edema. Ramanauskas reported that in the early and intermediate stages, the spinal cord showed high SI on T2WI, while at a later stage, the spinal cord showed low SI on T1WI and high SI on T2WI.^\[[@R32]\]^ Some studies^\[[@R11],[@R13]\]^ reported that decreased SI on T1WI is a poor prognostic factor. The prevalence of T1-weighted changes ranges 2.3% to 26.9% among patients with cervical myelopathy.^\[[@R11]\]^ In our series, we found that 5 (4.5%) patients preoperatively had a low SI in the spinal cord. The reason for the variation in prevalence and frequency could be the timing of the patient\'s visit, diagnosis, and radiographic examination. Another reason is that it is difficult to distinguish between a lower SI lesion and a normal area of spinal cord on T1WI, even if the lesion is assessed at the same compressed level as for T2WI.

Alternative techniques such as diffusion-weighted imaging (DWI) and diffusion-tensor imaging (DTI) have been proposed as quantitative diagnostic tools in cervical myelopathy.^\[[@R37],[@R38]\]^ However, various conditions of the spinal cord such as syrinx, myelomalacia, cystic necrosis, or atrophy of the cord may influence diffusion-tensor imaging values. Most studies involve small populations and no long-term follow-up.^\[[@R39],[@R40]\]^ To date, conventional MR images in cervical myelopathy have a role in predicting a prognosis after surgery. There is an ongoing debate about the validity of abnormal MRI findings to predict clinical outcome because such findings are also frequently reported in asymptomatic subjects.^\[[@R41]--[@R44]\]^ Some investigators have devaluated the SI grading system as an unscientific method because of the lack of a proper quantitative method to determine the SI change.^\[[@R43]\]^ Every patient has a different absolute SI value of the MR image on the compressed spinal cord lesion and the intramedullary area of the normal spinal cord.^\[[@R45],[@R46]\]^ We could not compare the absolute SI value of compressed cord lesions in individual patients with cervical myelopathy because the SI value could be diversely altered with balance changes detected by MRI.^\[[@R45],[@R46]\]^

To overcome these problems, we prospectively evaluated the quantitative measure of SI using the SIR described previously,^\[[@R9]\]^ and the relationship with neurological outcome in cervical myelopathy. We speculated that the numerical value of intramedullary signal changes may be correlated with other variables and may become a complementary method to estimate neurological improvement in patients with cervical myelopathy. The SIR may be correlated with the SI grading system, based on expert visual observation. Based on the results of this study, the SIR on T2WI was directly proportional to the severity of clinical myelopathy, length of symptom duration, and degree of spinal canal compression observed on the MRI. We found that the SIR on T2WI was statistically different between the SI grading system on T2WI, and that a higher SIR on T2WI in the preoperative phase was associated with unfavorable postoperative outcomes in cervical myelopathy. To find an objective measure for SI grading on T2WI and to support the concurrence of the SI grading system, we calculated the optimal cutoff value of SIR on T2WI to measure the SI grade. When we encountered indefinite cases of grade 0 or grade 1, patients with an SIR on T2WI that was greater than or equal to 1.23 were classified as "grade 1." To distinguish between grade 1 and grade 2, an SIR value on T2WI greater than or equal to 1.55 was classified as "grade 2." In the future, further study with a larger group of patients is needed to obtain the optimal cutoff value for the SI grading system.

Uchida et al^\[[@R13]\]^ reported that the SIR on T1WI, but not SIR on T2WI, was correlated with clinical outcome in cervical myleopathy. We did not find a correlation between the SIR on T1WI and postoperative neurological outcome in the present study. In the cervical spinal cord, a low SI area on T1WI was mostly too small to check the ROI. We assumed that the average SIR on T1WI was less than 1 point if there was hypointensity on T1WI. In the present study, 5 patients had a low SI on T1WI preoperatively, and their average SIR was 0.89. However, we did not find a relationship between the SIR on T1WI and the recovery ratio or other variables.

MRI with Gd-DTPA enhancement provides useful information in the assessment of spinal cord lesions. Ozawa et al^\[[@R47]\]^ reported that intramedullary Gd-DTPA contrast enhancement on T1WI is associated with worse prognosis in patients with cervical myelopathy. In our series, patients with a higher SIR on Gd-DTPA contrast-enhanced T1WI tended to have a poorer neurological outcome, but there was no statistically significant relationship. We believe that further study with a larger group of patients should be conducted to determine the relationship between intramedullary signal changes on contrast-enhanced T1WI, DWI, and diffusion-tensor imaging.

With respect to changes in the SI at follow-up MRI, the patients with the reversal of the signal change on T2WI had greater improvement in the JOA recovery ratio than patients with nonreversal of the SI changes on T2WI after the surgical operation. At 12 months, the postoperative SIR on T2WI showed a statistically significant difference between the reversal group and nonreversal group, whereas the SIR on T1WI did not. These results indicate the importance of follow-up MRI for predicting the postoperative functional outcome of patients with cervical myelopathy. We suggest that a follow-up MRI should be performed 12 months after surgery to predict neurological recovery, especially in patients with preoperative SI change on T2WI.

This study showed that the best surgical outcomes could be obtained in patients with mild or moderate cervical myelopathy, less cord compression, and no intramedullary signal changes in patients who underwent early decompression within 3 months after the onset of symptoms. For the SIR, the surgical decompression was favorable in the patients with a grade less than 1.23. However, based on our research, patients with severe myelopathy, an intense signal change (i.e., grade 2) on the spinal cord, and an SIR greater than 1.55 will probably have a poor recovery after a surgical operation.

There are several limitations of our series. A small number of patients were enrolled and other dynamic factors (e.g., dynamic alignment, motion, or center of rotation) were not considered. The measurement of the signal change on the spinal cord, SIR, or cord compression ratio was obtained in the neutral position. The spinal cord cross-sectional area is narrower during neck extension in patients with cervical myelopathy.^\[[@R48]\]^ When the parameters were analyzed on MR images obtained under the extension of cervical spine, the radiological parameters would be expected to increase and be clearly visible.

This study did not incorporate a nonsurgical group and did not include patients with more than three-level CCM or who were treated by posterior decompression and fusion. In addition, the fact that this was not a multicenter study may limit the generalizability of the results. However, our study enrolled patients who underwent the same procedures with relatively well-controlled disease entities of 1- or 2-level cervical myelopathy. We believe future research should investigate the numerical value of signal change on T1WI and T2WI in a larger number of patients with cervical myelopathy. Further prospective and well-controlled multicenter studies should be performed to establish clinical outcomes in patients who have undergone anterior or posterior decompression surgery for multilevel CCM and should include a nonsurgical group. Nonetheless, we hope that the findings of the present study will be helpful when considering the prognosis of surgery for patients with CCM.

5. Conclusions
==============

Quantitative alterations in the SI could reflect the clinical features of CCM and surgical outcomes. A higher SIR on T2WI was significantly correlated with a longer symptom duration, lower preoperative JOA score, narrower compressed cord, and poorer postoperative recovery rate, but was not correlated with the SIR on T1WI and contrast-enhanced T1WI. We concluded that the grading system of high-intensity signal change on T2WI is valuable for predicting the clinical outcome. Quantification of SI changes (i.e., SIR on T2WI) in patients with CCM can be used as a complementary method to assess the correlation between the intramedullary signal changes and clinical outcome. Patients with severe myelopathy, an intense signal change (i.e., grade 2) on the spinal cord, and an SIR greater than 1.55 will have a poor recovery after a surgical operation.
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